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CLAIMS 

What is claimed is: 

1 . An AC to AC frequency converter comprising: 

(a) a transformer having a set of three-phase primary 
input terminals and n sets of three-phase secondary output terminals, 
where n is three or more, with the voltages of each set of secondary 
output terminals being one or more multiples of 360°/n out of phase with 
the voltages on the other sets of output terminals; and 

(b) three single pole, n throw switches, the three output 
poles of the three switches electrically connected to three output 
terminals of the frequency converter, the n throws of each switch 
connected to one of the secondary output terminals in each set of 
secondary output terminals such that the switches can be switched to 
selectively connect each of the secondary output terminals to the three 
output poles of the switches. 

2. The frequency converter of Claim 1 wherein n is equal 
to four and the transformer includes a star connected primary and a delta 
connected primary connected in parallel to the input terminals of the 
transformer, and four star connected secondaries each connected to one 
of the four sets of secondary output terminals of the transformer, two of 
the secondaries magnetically coupled to the star connected primary and 
two of the secondaries magnetically coupled to the delta connected 
primary. 

3. The frequency converter of Claim 1 wherein each of 
the single pole, n throw switches comprises n semi-conductor switching 
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devices each connected to a common pole forming the output pole of the 
switch and each individually connected to one of the secondary output 
terminals of the transformer. 

4. The frequency converter of Claim 3 wherein the 
semiconductor switching devices are IGBTs with anti-parallel connected 
diodes. 

5. The frequency converter of Claim 1 including a 
controller connected to the switches to control switching of the switches 
at a selected frequency and switching duty ratio to provide an output 
voltage at the output terminals of a selected frequency. 

6. The frequency of converter of Claim 5 wherein n is 
equal to four and the controller controls the switches to switch with duty 
ratio functions m 110 , m 210 , m 310 and m 410 for the four throws of each 
switch in accordance with: 

m, 10 (t) = m[l + cos(fi + G)]/4; m 210 (t) = m[l - cos(p + 0)]/4; 
m 310 (t) = m[l + sin(p + e)]/4; m 410 (t) = m[l - sin(p + 9)]/4; 

where m is a selected modulation index and p = 2;zF 0 t, with F 0 being the 
desired output frequency and t being time. 

7. The frequency converter of Claim 1 wherein n is equal 
to three and the transformer includes three secondaries each connected to 
one of the three sets of output terminals of the transformer. 

8. An AC to AC frequency converter comprising: 

(a) a transformer having a set of three-phase primary 
input terminals and four sets of three-phase secondary output terminals, 
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with the voltages of each set of secondary output terminals being one or 
more multiples of 90° out of phase with the voltages on the other sets of 
output terminals; and 

(b) three single pole, four throw switches, the three 
output poles of the three switches electrically connected to three output 
terminals of the frequency converter, the four throws of each switch 
connected to one of the secondary output terminals in each set of 
secondary output terminals such that the switches can be switched to 
selectively connect each of the secondary output terminals to the three 
output poles of the switches. 

9. The frequency converter of Claim 8 wherein the 
transformer includes a star connected primary and a delta connected 
primary connected in parallel to the input terminals of the transformer, 
and four star connected secondaries each connected to one of the four 
sets of secondary output terminals of the transformer, two of the 
secondaries magnetically coupled to the star connected primary and two 
of the secondaries magnetically coupled to the delta connected primary. 

10. The frequency converter of Claim 8 wherein each of 
the single pole, four throw switches comprises four semi-conductor 
switching devices each connected to a common pole forming the output 
pole of the switch and each individually connected to one of the 
secondary output terminals of the transformer. 

1 1 . The frequency converter of Claim 1 0 wherein the 
semiconductor switching devices are IGBTs with anti-parallel connected 
diodes. 
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1 2. The frequency converter of Claim 8 including a 
controller connected to the switches to control switching of the switches 
at a selected frequency and switching duty ratio to provide an output 
voltage at the output terminals of a selected frequency. 

1 3. The frequency converter of Claim 1 2 wherein the 
controller controls the switches to switch with duty ratio functions m l10 , 
m 210 , m 310 and m 410 for the four throws of each switch in accordance 
with: 

m 110 (t) = m[l + cos(p + 9)]/4; m 210 (t) = m[l - cosfo + e)]/4; 
m 310 (t) = m[l + sin(j3 + 8)}4;%(t) = m[l - sin(p + 0)]/4; 

where m is a selected modulation index and p = 2;zF„t, with F 0 being the 
desired output frequency and t being time. 
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